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The role of starter organisms in the ripening of
various cheese varieties has been the subject of extensive
study in recent years (Deane, 1951; Peterson et al.,
1948; Baribo and Foster, 1952; and Van der Zant and
Nelson, 1954a). The accumulation of various free amino
compounds during cheese ripening has been attributed
primarily to enzymes of bacterial origin (Peterson
et al., 1948; Deane, 1951; Harper and Gould, 1952).

Most of the previous studies have been limited to
the organism Streptococcus lactzs (Hansen, 1941;
Morgan and Nelson, 1951). Baribo and Foster (1952)
determined some of the characteristics of the endo-
cellular proteinases of one strain each of S. lactis,
Lactobacillus caset, and Micrococcus freudenreichii. Van
der Zant and Nelson (1953a and 1953b) investigated
the proteolytic activity of S. lactis and a cell-free
extract of this organism prepared by sonic vibration.
Recently, Van der Zant and Nelson (1954a, 1954b)
reported using paper chromatography to investigate the
presence of amino acids and peptides in skimmilk
inoculated with S. lactis, and to study some of the
characteristics of the endocellular peptidases of this
organism.

In the present study, ion exchange chromatography
was applied to investigate the proteolytic activity as
measured by the presence of various acidic free amino
acids of several lactic acid starter organisms; namely,
Lactobacillus bulgaricus, Lactobactllus lactis, and Strepto-
coccus thermophilus.

EXPERIMENTAL METHODS

Cultures. Lactobacillus bulgaricus strains V4, Vi, Vi,
Voo, Vi1, R and Rs, L. lactis strains 8 to 15, K,,, Vi and
Vios, S. thermophilus strains S, T;, Ty, and T were used
in the present study. These cultures were obtained from
the Dairy Products Section, Washington Utilization
Research Branch, U. S. Department of Agriculture.
They represent isolates from starters used in the
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manufacture of Provolone and Romano cheeses. They
were cultivated through serial passage until they grew
actively at 42 C within 12 hours and then were used to
inoculate 700 ml of sterile skimmilk using two per cent
inoculum. Unless otherwise - mentioned, the cultures
were incubated for 12 hours at 42 C and then stored at
10 C for various lengths of time.

Application of ion cxchange chromatography. The
proteolytic activity of these organisms on the skimmilk
was measured by determining qualitatively and quanti-
tatively the presence of eleven free acidic a-amino
compounds using Moore and Stein’s (1951) ion exchange
chromatographic method as modified by Hamdy et al.
(1955). The acids studied in the order of their elution
were: cysteic acid, serine phosphate, taurine, aspartic
acid, threonine, serine, asparagine, glutamine, glutamic
acid, proline, and glycine.

Preparation of sample for ion exchange chromatography.
Fifty-ml samples were withdrawn aseptically from the
milk cultures with a sterile pipette and placed in 250-
ml centrifuge bottles with 100 ml of distilled water
containing 20 per cent ethyl alcohol by volume. The
mixture was stirred vigorously with a mechanical
stirrer for five minutes, and then cooled at 8 C for
approximately two hours. This permitted precipitation
of the nonsoluble protein fractions, after which the
sample was centrifuged and then filtered through a fine
sintered glass filter. The precipitates were washed twice
with 50 ml distilled water. The filtrate (about 200 ml)
was condensed at a low temperature under vacuum to
8 to 10 ml. One ml of this concentrate was adjusted to
pH 3.0 and used for the ion exchange chromatography.

The chromatographic separation. The sample was
adsorbed on a 110 x 0.9-cm sulfonated polystyrene resin
column operated in the sodium form. The column was
then mounted on an automatic constant volume (1.0
ml) fraction collector. Two aliquot portions (0.5 ml) of
pH 4.0 sodium citrate buffer were used to wash the
acids in the resin bed. The chromatogram was de-
veloped by displacing these adsorbed amino acids
using about 150 ml of pH 4.0 sodium citrate buffer.
The effluents were collected in 1.0-ml fractions in small
10-ml glass vials, and the elution was concluded after
collecting 150 fractions.

Analysis of effluent fractions. The presence and the



position of the a-amino acids were determined by spot-
ting, with a capillary tube, a small amount of each of
the effluent fractions on Whatman No. 1 filter paper.
The spots were completely air dried and sprayed with
the ninhydrin-n-propanol solution of Moore and Stein
(1948), then placed in a 100 C oven for 3 to 5 minutes
to develop the color. After establishing the position of
the amino acids and determining their identity by
comparison with the location of pure amino acids
(Hamdy et al., 1955), the vials containing the specific
a-amino compound were combined and then adjusted
to a known volume, and the concentration determined
using the photometric ninhydrin method of Moore and

Stein (1948). The concentration of the specific amino

acids in the sample was then calculated using standard
curves for each acid as described by Hamdy et al.
(1955). In all amino acids determinations, duplicate
experiments were made and the average results are re-
ported.

RESvLTS

This study was divided into two general phases.
The first phase consisted of an investigation of the
proteolytic activity of single strain cultures of L. lactis,
L. bulgaricus and S. thermophilus. For the second phase

of work, mixed strain cultures of the three organisms
were used.

Single strain studies. L. lactis Vi, L. bulgaricus V,,
and S. thermophilus Ts were used. These strains were
grown alone and in various combinations with eact
other in skimmilk for 12 hours at 42 C and then stored
at 10 C. Selection of these specific strains was made
primarily on their ability to produce comparable
amounts of acid, with a range in pH values of 5.1 to
5.3 after 12 hours incubation. This permitted a study
of the effect of one species on another without sup-
pressing the growth of any of the individual organisms.

The results of the analyses of the three different
lactic acid producing cultures at the end of 12 hours of
incubation and after 0.5, 3, 7, 18, and 28 days of
storage are shown in table 1. As noted, neither cysteic
acid or proline could be detected in any of the cultures
at any given time. Of the other amino compounds,
only serine phosphate was present in all cultures at
all times. In general, L. lactis Vi showed the greatest
concentration of amino acids at any given time, where-
as very few of the amino acids could be found in milk
inoculated with S. thermophilus Ts;. The effect of
storage time on the accumulation of the various acids
is considerable, and the variations in this effect should

TABLE 1. T'he acidic free amino compound content of various lactic acid starter cultures*

Concentration of Amino Compounds in mg/1000 ml of Fermented Milkt

Age of Culture . - | Threoni Seri Asparagine X
phsoesl;g:te Taurine Asg):i:'itxc reomnez erine Glu t:zmine Gl:gémc Glycine
Lactobacillus lactis V 104

12 hours incubation................. ... ... ... 41.7 0 + + | + 0 + 0

12 hoursstorage............................. 68.3 0 0 7.9 10.1 52.9 0

3 days SLOTAe. .....oovveneeee .., 121.1 2.2 0 o | o 146.0 41.2 0
7 days storage............... ... ... 75.2 17.6 0 0.2 21.4 43.2 39.0
18 days storage............................. 157.9 + 0 139.2 37.7 0 56.6
28 days storage.......... e 159.5 0 0 0 ‘ 8.0 98.0 0 28.1

Streptococcus thermophilus T

12 hours incubation................ PN 31.9 0 0 0 0 0 + +

12 hours storage............................ 45.6 + 0 0 0 0 + +

3 days storage......................... ... 52.2 0 0 0 0 0 0 0

7 days storage........................... .. 49.5 0 0 0 0 0 0 0

18 days storage...... TP 49.4 0 0 0 0 0 0 0

28 days storage.................. il 45.9 0 0 0 0 0 0 0

Lactobacillus bulgaricus V,

12 hours incubation......................... 36.3 0 0.8 0 0 0 + 0

12 hours storage.................. ... ... 43.9 3. 1.9 18.2 0 + +
3 days storage................ . ... 97.9 + 0 12.1 0 + 25.2

7 days storage...............c.. .. 104.4 0 0 0 9.4 35.8 + +
18 days storage.................... ... ... 97 .4 + 0 0 3.8 15.6 0 13.5

28 days storage...............c... ... 146.2 0 0 0 8.0 31.3 0 +

* Acid present but in less than 0.5 mg/1000 ml concentration.

t Cysteic acid and proline were not present.

1 Threonine and serine could not always be separated, and asparagine and glutamine were not separated in this trial.



TABLE 2. The acidic free amino compound content of various lactic acid starter cultures

Concentration of Amino Compounds in mg/1000 ml of Fermented Milk*
Age of Culture Serine Tauri Aspartic | . . ] Asparagine Glutamic | .
phosphate aurine acid Threonine f Serine | & Glutamine acid | Glycine
Lactobacillus lactis V104 and Lactobacillus bulgaricus V,
12 hours storage......................... 100.3 8.7 0 0 " 0 0 35.3 0
3 days StOrage. ......................... 93.9 14.7 0 0 | o0 199.1 0 0
7 days storage. . ... 113.5 0 0 o | 0 0 0 29.1
18 days StOrage. ......................... 205.1 3.5 0 o | o 38.0 0 51.3
28 days storage.................oiin... 102.3 +1 0 0 ! 0 4.7 0 55.4
Lactobacillus bulgaricus V, and Streptococcus thermophilus T
12 hours storage......................... . 82.0 0 0 o | o 0 0 0
3dayvsstorage.......................... 102.4 0 0 0 | 0 0 0 0
7 davsstorage................. .. ..., ‘ 84.3 1.5 0 0 0 0.89 0 67.03
18 days storage.......................... 77.3 0 0 0 0 —+ 0 0
28 days storage. ............. .. 84.3 0 | 0 0 0 0 0 0
Lactobacillus lactis V104 and Streptococcus thermophilus T
12 hours storage......................... 12.5 0 0 0 0 0 5.1 E 0
3 davs storage.......................... : 31.9 0 0 0 0 57.8 8.8 | 0
7 days storage. ......................... 710 0 0 0 0 60.3 8.4 | 0
18 days storage..........................i 236.9 + 0 0 0 0 0 53.5
28 days SEOTARE. . ... oooees .., i 218.7 11.4 22.6 0 0 0 0 97.7
Lactobacillus lactis V104, Lactobacillus bulgaricus V, and Streptococcus thermophilus T
12 hours StOrage......................... | 626 + 0 7.4 0 o | 25
3 daysstorage........................... 71.8 + 0 14.3 19.5 0 P 65.6
7 daysstorage.......................... | 96.3 + 0 0 5.4 25.8 o | 26
18 days StOTAgE. .. ..o, i 200.4 3.1 0 0 28.6 74.0 0 ; 74.0
28 days storage.......................... | 99.0 0 0 0 38.1 56.0 0 4‘ 34.1
* Cysteic acid and proline were not present.
t Acid present but in less than 0.5 mg/1000 ml concentration.
be noted. For example, aspartic and glutamic acids grown together. The same effect was noted when L.
tended to be highest after 12 hours of storage, then to bulgaricus V, was grown with S. thermophilus Ts. Upon
decrease, whereas the amides, asparagine and gluta- the growth of these organisms together, most of the
mine, and glycine increased during the storage period. acids produced by L. bulgaricus V, were not detected.
Other compounds, such as serine phosphate and The combination of all three organisms resulted in
threonine-serine increased and decreased during the an entirely different amino acid pattern than when
storage. any two were grown in combination. For example,
The various single strains of organisms were also both threonine and serine were detected after incuba-
grown in combination with one another and stored in tion and subsequent storage. Glutamic acid was not
the same manner. As shown in table 2, there is a defi- found at any time, whereas asparagine and glutamine
nite effect of one species on another as indicated by were present after 3 days of storage. Glycine was
the change in the pattern of free amino compounds present in all samples at all periods of storage, which
produced. For example, glycine, which was produced was not true when any two of the organisms were
in very small amounts or not at all, was present in grown together.
much higher concentrations in the mixed cultures. Mized strain studies. L. bulgaricus strains V,, Vi,

Glutamic acid was produced by L. lactzs Vips and Vs, Vag, Vi1, R and Rgs; L. lacits strains K., 8-15, Vi,
by L. bulgaricus V4 up to the 18th and 7th day of and Vig; S. thermophilus strains S, T, Ty, and Ts were

storage respectively, yet upon growth and storage of used in this study. These mixed strains were grown
these cultures in combination with one another the alone and in various combinations in skimmilk to in-
glutamic acid was not detected except at 12 hours vestigate their proteolytic activity, indicated by the
storage. Serine and threonine also were produced by liberation of amino acids, and the effect of one species
chese strains growing alone, but their presence could on the other as previously noticed in the single strains

not be found when L. lactis and L. bulgaricus were study. The cultures were grown for 24 hours at 42 C,



TaBLE 3. The acidic free amino acid content of various mized cultures of lactic acid starter cultures®

T
|
i
|

Concentration of Acids in mg/1000 ml of Fermented Milkt

Age of Culture

i Serine phosphate ! Taurine | Aspartic acid ’ Serine ! Asparagine l Glutamic acid
Lactobacillus laclis (mixed strains)
{ i [

2 AAYS. .. 416 |0 0 0 0 | 50.5
12 BYS. oo e o186 |0 0 0 o | 72
40 daYS. ..o | 59.8 0 0 | 0 0 | 26.4

Streptococcus thermophilus (mixed strains)

D ABYS. e 689 | 0 0 0 0o | M07
12 dAYS. - oo L 978 | 5.92 4.20 0 | 0 . 53.9
40 dANS. ..o | 172.0 | 0 0 19.56 | 0 ; 38.4

Lactobacillus bulgaricus (mixed strains)

2 daNS. . 27.0 I 0 0 j 0 0 ! 0
12 ANS. oo oo S X 0 14.10 | 0 0 [ 753
40 dANS. ..ot R 0 0 L 878 . 974 | 1856

* Cultures grown in skimmilk for 24 hours at 42 C, stored at 10 C.
t Cysteic acid, threonine, glutamine, and proline were not detected in any culture.

reaching a pH of from 5.1-5.3. The free acidic a-amino
compounds were measured after incubation of the
cultures for 24 hours at 42 C, and after 2, 12, and 40
days of storage at 10 C.

The results of the studies of mixed strains of the
three species are presented in table 3. It is apparent
that the combination of strains gave a different pat-
tern of amino acid accumulation than did the single

strains of the test organisms recorded in table 1. This
is especially apparent for the mixed strains of S.
thermophilus, which gave a greater accumulation of
free amino acids than did the single strain. In the
mixed strain cultures, serine phosphate and glutamic
acid were present at 2, 12, and 40 days of storage.
The other acids were detected at certain times in some
cultures, with none of the cultures containing measur-

TABLE 4. The acidic free amino acid content of various mized cultures of lactic acid starter organisms*

Concentration of Acids in mg/1000 ml of Fermented Media

Age of Culture
Serine
phosphate

i . S . . | . . L
1 Taurine ‘ Aspartic acid Threonine l Serine ] ‘Asparagine I Glutamine Glutamic acid

Lactobaciilus lactis and Streptococcus thermophilus (mixed strains)

2 dayst | !

12 days. ..o 60.3 0o | 0 0 0 0 0 87.65
40days. ..o 3.3 0 ‘ 0 0 0 17.4 0 14.2

Lactobacillus lactis and Lactobacillus bulgaricus (mixed strains)

2 dayst

12days............ooo 24.64 3.17 0 66.56 0 0 0 18.22
40days.. . ... 47.0 1.06 0 0 0 69.0 0 3.08

Lactobacillus bulgaricus and Streptococcus thermophilus (mixed strains)

2 dayst
12days.................. 162.2 0 158.34 0 0 0 0 77.21
40davs........... 106.0 | 0 | 0 0 0 17.4 105.0 145.8

Lactobacillus lactis, Lactobacillus bulgaricus, and Streptococcus thermophilus (mixed strains)

2days. ... 58.8 0 0 0 0 0 0 87.65
12days. ... 76.0 0 0 148.83 0 50.74 0 61.38
40davs.. ... 51.4 0 0 0 0 50.4 16.90 22.6

* Cultures grown in skimmilk for 24 hours at 42 C, stored at 10 C.

t No analysis.



able concentrations of cysteic acid, threonine, gluta-
mine or proline.

The results of the various species grown in combina-
tion are shown in table 4. As was true for single strain
cultures, there was a pronounced effect of one species
on another. Threonine was not produced by any of
the species grown alone, but the mixture of L. lactis
and L. bulgaricus resulted in a rather high concentra-
tion of threonine at 12 days of storage. Glutamine
was found only in the mixed culture of L. bulgaricus
and S. thermophilus and in the mixture of these species
with L. lactis but not with any species growing alone.

Control. A control consisting of only sterilized skim-
milk media, incubated and stored at 10 C for the same
length of time as in the other experiments, showed the
presence of no acidic and amino compounds other
than serine phosphate. This was detectable after in-
cubation, then increased in concentration from 9.11
to 14.4 to 39.9 followed by a decrease to 18.2 to 14.2
and finally to 6.6 mg of serine phosphate per 1000 ml
of skimmilk media at 12 hours, 3, 7, 18, 28, and 40
days respectively. No viable microorganism could be
detected in one-ml samples of sterilized milk. At the
present time, there is no apparent explanation for this
interesting observation.

Discussiox

The data presented in this paper suggest that the
proteolytic activities of the starter organisms play an
important part in bringing about the specific changes
that take place in the ripening of Italian cheeses,
Provolone and Romano. In this study, the proteolytic
activities of these cultures were measured in terms of
eleven free acidic a-amino compounds in skimmilk.

The proteolytic activity in cheese, in general, is
due to the action of multiple enzyme systems from
different sources: namely, the milk, rennet paste, and
the microflora present. The results of this study sug-
gest that each type or strain of lactic acid starter or-
ganism may produce different proteolytic end products
when growing alone than when growing in combina-
tion with other strains of the same or different species.
Single culture studies revealed that L. lactis Vi and
L. bulgaricus V, were more active in their proteolytic
activities than S. thermophilus T;, while in mixed
culture studies, the S. thermophilus showed more ac-
tivity than both the L. bulgaricus and the L. lactis.
The noticeable influence of one organism or group of
organisms on one another, to bring about definite
changes of the amino acid pattern as indicated in this
investigation, may be explained on the basis of: (a)
synergism between species or strains to bring about
changes that neither of the species or strains could
nroduce alone; (b) blocking of some reactions that lead
.0 the liberation of certain amino acids; or (¢c) metabio-
sis, whereby the product of one organism may become

a substrate for the other organism. Nurmikko (1952)
has shown that symbiotic interrelationships do exist
between different strains of lactic acid bacteria in a
medium of known chemical composition.

Serine phosphate was produced in skimmilk media
by all the lactic acid starter culture organisms under
investigation, either growing alone or in combination
with others. This acidic amino acid may have a bio-
logical significance in these cultures, but this is not
clear at this time. It was also found in some sterile
skimmilk samples initially and upon incubation .at
42 C and storage at 10 C. The presence of serine phos-
phate may be due to chemical changes resulting from
the sterilization of the skimmilk. The concentration of
the serine phosphate in the sterile skimmilk control
sample was almost one-fifth its concentration in any
of the inoculated culture media. The presence of free
amino acids has been reported by Block (1951) and by
Van der Zant and Nelson (1954a) in a protein-free
fraction of skimmilk. These investigators did not
report the presence of serine phosphate acid in their
studies. The role of serine phosphate is under investi-
gation at the present time with the hope of securing
more information about its liberation, utilization and
significance.

SUMMARY

The content of free acidic amino compounds in the
protein-free fraction of skimmilk incubated at 42 C
with Italian cheese starter organisms for 12 to 24 hours
incubation and storage at 10 C for various lengths of
time was investigated by ion exchange chromatog-
raphy. The results showed an increase in amino acids
in mixed cultures of various strains of Lactobacillus
lactis, Lactobacillus bulgaricus, and Streptococcus
thermophilus. Serine phosphate was present in all
cultures due to bacterial action. It was also observed
in some of the sterile skimmilk samples due to the
effect of heat.

REFERENCES

Bariso, L. E., axp FosteEr, E. M. 1952 The intracellular
proteinases of certain organisms from cheese and their
relationship to the proteinases in cheese. J. Dairy Seci.,
356, 149-160.

Brock, R.J. 1951 Some amino acids, peptides and amines in
milk, concentrated milks and cheese. J. Dairy Sci., 34,
1-10.

Deaxg, D. D. 1951 Preliminary studies of the effect of
acido-proteolytic organisms and temperatures of curing on
the ripening of cheddar cheese made from pasteurized
milk. J. Dairy Sci., 34, 776-783.

Hampy, M. K., HarPer, W. J., anp WEIsER, H. H. 1955 A
modified procedure for the separation of acidic amino
compounds using a sulfonated polystyrene resin. J.
Dairy Sci., 38, 147-154.

Haxsex, P. A. 1941 A study in cheese ripening: The in-
fluence of autolyzed cells of Streptococcus cremoris and
Streptococcus lactis on the development of Lactobacillus
casei. J. Dairy Sci., 24, 969-976.



Hareer, W. J., AND Gourp, I. A. 1952 Italian cheese ripen-
ing. Butter, Cheese, Milk Products J., 43, No. 8, 22-24,
44, 46.

Moore, S., anp StEIN, W. H. 1948 Photometric ninhydrin
method for use in the chromatography of amino acids.
J. Biol. Chem., 176, 367-388.

Moorg, 8., anp StEIN, W. H. 1951 Chromatography of
amino acids on sulfonated polystyrene resins. J. Biol.
Chem., 192, 663-678.

Moraan, M. E., axp NELson, F. E. 1951 The distribution of
certain amino acids in soluble fractions of milk cultures of
Streptococcus lactis. J. Dairy Sci., 34, 446-456.

NurMIkko, V. 1952 Chemical factors affecting associations
of lactic acid bacteria. Acta. Chem. Scand., 6, 1258-1282.

PetERson, M. H., Jounson, M. J., axp Price, W. V. 1048

Proteinase content of cheddar cheese during making and
ripening. J. Dairy Seci., 81, 55-61.

VaN DER ZaNT, W. C., AND NELSON, F. E. 19532 Proteolysis
by Streptococcus lactis grown in milk with and without
controlled pH. J. Dairy Sci., 36, 1104-1111.

VaN pER ZanT, W. C., AND NELsoN, F. E.  1953b Character-
istics of an endocellular proteolytic enzyme system of
Streptococcus lactis. J. Dairy Sci., 36, 1212-1222,

VaN DER Zant, W. C.,, anp NELsoN, F. E. 1954a Amino
acids and peptides in the protein-free fraction of milk
before and after incubation with Streptococcus lactis.
J. Dairy Sci., 37, 790-794.

VaN pER ZaNT, W. C., aND NELsoN, F. E. 1954b Character-
istics of some endocellular peptidases of Streptococcus
lactis. J. Dairy Sci., 87, 795-804.



